P atients in pulseless electrical activity (PEA) after trauma have been reported to have a dismal prognosis. [1] [2] [3] Patients with asystole in the prehospital environment have been demonstrated to have no chance for survival. 2, 3 Prehospital conditions, however, often make determination of a truly pulseless state difficult, complicating the decision to transport these patients. The conditions in the emergency department allow for more accurate determination of a pulseless state. No previous study has examined the outcome of patients arriving in the emergency department with a cardiac rhythm but without a pulse (PEA). Potentially, these patients may not be salvageable and resources could be conserved if efforts are not wasted on futile attempts at resuscitation.
The focused abdominal sonogram for trauma (FAST) examination was originally conceived to identify intraabdominal or intrapericardial fluid after blunt or penetrating trauma. 4, 5 Because of these early reports, ultrasound has become an intrinsic component of evaluation of trauma patients, after both blunt and penetrating mechanisms of injury, and has been incorporated into the Advanced Trauma Life Support course (American College of Surgeons Committee on Trauma, Chicago IL). 6, 7 The presence or absence of organized cardiac activity on ultrasound has been found to be predictive of outcome in patients with cardiac arrest in nontrauma settings. 8, 9 Similar to medical patients, trauma patients with no cardiac activity on the pericardial view obtained during the FAST examination (p-FAST) may not be salvageable. Because ultrasound is now widely available in the trauma resuscitation area of most trauma centers, it is possible to rapidly apply this test to identify the presence or absence of organized cardiac activity. The feasibility of remotely performed and monitored ultrasound has also been demonstrated, and in the future this may be extendable to prehospital use. 10 We hypothesized that an absence of organized cardiac activity on pericardial ultrasound in a trauma patient presented in PEA or progressed to PEA during resuscitation was indicative of an unsalvageable patient.
METHODS
All patients presenting with or progressing to PEA during initial trauma resuscitation at an American College of Surgeon-verified, state designated level I trauma center were identified through a retrospective review of medical records from January 2006 through August 2007. Patients were identified by absence of recordable pulse or blood pressure, as recorded in the medical record. From August 2007 through January 2009 patients were prospectively enrolled through a weekly query of the trauma surgical attending staff, surgical housestaff during performance improvement conferences. Data collected included demographics, initial prehospital and emergency department vital signs, mechanism of injury, prehospital interventions, the use of cardiopulmonary resuscitation (CPR), transport time, cardiac rhythm, p-FAST findings, duration of CPR after ultrasound, and outcome.
Extended FAST examination (E-FAST), including evaluation of the peritoneal, pleural, and pericardial cavities, and examination for pneumothorax is performed by a physician member of the trauma team as part of the routine evaluation of trauma patients at our institution. The E-FAST examination is part of the primary survey in hemodynamically unstable patients. All examinations are performed by a senior (PGY-3 or PGY-4) surgeon or emergency department resident under the direct supervision of a FAST credentialed attending trauma surgeon or emergency medicine physician. All surgery and emergency department residents receive ultrasound training.
All examinations were performed using a Philips EnVisor ultrasound scanner (Philips Ultrasound, Andover, MA), and dynamic (moving) images are recorded to digital video disc or digitally in a DICOM format. Sub-xiphoid views were obtained with a 5-MHz curvilinear probe. If these were inadequate because of body habitus, parasternal views were obtained using a phased array. All examinations are logged with the machine and operator findings and are reviewed on a weekly basis by the emergency ultrasound director who is fellowship trained in ultrasound and a registered diagnostic medical sonographer (C.M.).
Ultrasound images were then rereviewed by an ultrasound trained physician (who was blinded to the ultimate outcome) to confirm the FAST findings documented in the medical record. Only organized contractile activity (nonfibrillating) with a decrease in chamber size was considered positive for cardiac activity on reviewed images. For analysis, patients were grouped based on the presence of contractile cardiac activity, the presence of a measurable blood pressure in the prehospital environment and on arrival, the return of a spontaneous pulse after PEA, and survival to leave the resuscitation area for the operating room or intensive care unit. Mann-Whitney U test, t test, and Fisher's exact test were applied where appropriate to test for statistical significance between groups with p Ͻ 0.05 set as significant. Sensitivity, specificity, and likelihood ratios with 95% confidence intervals (95% CI) were also calculated. This study was approved by the Yale Human Investigations Committee.
RESULTS
Twenty-eight patients met inclusion criteria (86% men) with an average age of 49 years. All patients underwent successful p-FAST, with adequate imaging based on the impression of the examiner. There were no cases where body habitus or chest wall injury prevented an adequate examination. Four of the 28 were due to gunshot wounds (14%), with the remaining blunt mechanisms, including motor vehicle collision, motor cycle crash, pedestrians struck by motor vehicles, severe crush injuries, fall, and assault. Seven patients (25%) had a palpable pulse at the scene, five of whom were assessed as deteriorating to PEA requiring the initiation of CPR before arrival in the emergency department. An additional six patients (21%) had a documented heart rate without palpable pulse. A total of 23 patients (82%) arrived with CPR in progress, 5 who had deteriorated to PEA and 18 without a recordable prehospital pulse or blood pressure. Interestingly, of the three patients with a measurable blood pressure on arrival, all were receiving CPR. Neither a measurable prehospital blood pressure nor the absence of CPR-predicted return of a pulse, contractile activity on p-FAST, or survival beyond the resuscitation area when PEA was present during initial resuscitation.
Twenty patients were orotracheally intubated before arrival to the emergency department, although three patients had a Combitube (Tyco-Kendall, Mansfield, MA) inserted. Sixteen presented to the emergency department with intravenous or intraosseous access and nine received advanced cardiac life support medications. The average transport time was 21 minutes with shorter transport times associated with return of spontaneous pulses (p ϭ 0.027) but not survival beyond the resuscitation area.
On arrival in the resuscitation area, only three patients had a measurable blood pressure and 10 patients had a recorded heart rate. A measureable blood pressure in patients deteriorating to PEA in the emergency department did not portend improved survival, because it was not associated with a finding of contractile activity on p-FAST, nor survival beyond initial resuscitation when compared with those arriving in PEA. The cardiac rhythm of all patients with an initially palpable pulse was sinus tachycardia. Of those without a pulse, the rhythm was described as agonal, 7 wide complex, 4 sinus tachycardia, 2 sinus bradycardia, 1 ventricular fibrillation, 1 or junctional. 1 The remaining patients were described as being in PEA by the attending trauma surgeon but did not have a description of the rhythm documented. A narrow complex rhythm was present in seven patients with three regaining a pulse. The presence of a narrow complex rhythm was associated with return of a spontaneous pulse (p ϭ 0.036) but not survival beyond initial resuscitation.
Organized cardiac contractile activity was present on ultrasound in 12 of 28 cases with PEA. The presence of contractile activity was more predictive of return of a spontaneous pulse (five patients, p ϭ 0.008) with three patients surviving past initial resuscitation. Prediction of survival past initial resuscitation, however, did not reach statistical significance (p ϭ 0.067). Absence of cardiac activity was 69% (95% CI 47-86%) sensitive and 100% (95% CI 46 -100%) specific for not regaining a pulse. The negative likelihood ratio was 0.3 (95% CI 0.16 -0.56) for not regaining a pulse without cardiac activity on ultrasound. Of those who arrived in PEA or deteriorated to PEA without regaining a pulse, CPR was continued for a mean of 6.5 (range, 1-24) minutes after diagnosis of PEA. Resuscitation was continued for a median of 5 minutes if there was no contractile activity on p-FAST compared with a median of 10 minutes if contractile activity was present (p ϭ 0.031). Two pericardial effusions were identified on FAST after blunt trauma. Neither of these patients had contractile cardiac activity and both died. Twenty-five of the patients died in the resuscitation area. As previously stated, three patients survived beyond the initial resuscitation, two subsequently expiring in the operating room, and one on hospital day six. The first operative death occurred after a splenectomy from ongoing bleeding from a pelvic fracture despite preoperative pelvic angioembolization. The second operative death was due to uncontrolled hemorrhage during thoracotomy for thoracic spine fracture-related hemorrhage after decompression of a tension hemothorax in the emergency department resulted in return of pulses. The only in-hospital mortality died on hospital day six from an anoxic brain injury, after regaining vital signs in the emergency department with decompression of a tension pneumothorax. Patients surviving to leave the resuscitation area had contractile cardiac activity on their p-FAST and two of three had narrow complex rhythms on the cardiac monitor ( Table 1 ). The rhythm of the third patient was not documented.
DISCUSSION
PEA after trauma is an established predictor of poor outcome. 1, 2, 11 The ability to rapidly identify those patients with a marginal chance for survival has implications for sparing significant resources. The current widespread use of FAST as an extension of the physical examination after trauma allows for immediate sonographic evaluation on arrival to the emergency department. Both surgeons and emergency medicine physicians are skilled in the use of ultrasound for making the diagnosis of intraperitoneal hemorrhage, pericardial fluid or tamponade, and hemothorax. [12] [13] [14] Along with the presence of pericardial fluid, cardiac contractile activity is easily observed and may be a useful finding in identifying salvageable trauma patients. The successful use of remote ultrasound by prehospital personnel has also been demonstrated and may extend the applicability of this technique. 15 We hypothesized that an absence of organized cardiac activity on FAST would be predictive of outcome in patients with PEA after trauma and may therefore be used as a rapid, readily available tool to identify salvageable patients. Ending resuscitative efforts in patients without cardiac activity has the potential to save valuable resources and limit invasive procedures that pose a danger to physicians and others. This study demonstrates that although PEA portends poor survival overall, the presence of organized cardiac activity identifies a subset of patients that may be salvageable. However, only 42% of patients with organized cardiac activity had return of recordable blood pressure, and 25% survived to discharge from the resuscitation suite. Two patients died of hemorrhagic shock and could be considered as having the potential for survival if bleeding could have been controlled. This study adds additional support to the data of others who have identified PEA after trauma as a poor prognostic indicator. [1] [2] [3] The important findings were the association of contractile cardiac activity with return of pulses and a nonstatistically significant association with survival after initial resuscitation. A narrow complex rhythm was also associated with return of pulses but not survival. This lack of correlation may be related to errors in documentation, because PEA was recorded in the medical record without a notation of cardiac rhythm thereby reducing the sample size analyzed. Based on these data, p-FAST appears to be at least equivalent to electrocardiogram analysis in its ability to predict return of pulses during resuscitation. Small numbers limited comparisons between electrocardiogram and p-FAST in terms of initial and long-term survival. Not surprisingly longer transport times were associated with a failure to return spontaneous pulses. A correlation between shorter periods of resuscitation after p-FAST without contractile activity may indicate a practitioner bias, as resuscitation efforts were terminated.
Our study has several important limitations, the most significant of which may be sample size. With a larger sample, a statistically significant correlation between p-FAST findings and survival may have been identified. The second weakness is the assertion that the patients surviving initial resuscitation in our study can be considered similar to those that actually had longer term survival in other studies. One of our patients did, however, have the important outcome of surviving to organ donation. Additionally, as mentioned above, the potential practitioner bias using this as a screening tool limits the strength of association, because many patients may not have the opportunity to respond to more prolonged resuscitative measures. One additional caveat is the potential loss of a recordable rhythm with tense pericardial tamponade. This is unlikely to have influenced the results of our study as neither patient in our study with pericardial fluid had cardiac activity. The potential effect of an unrecorded narrow complex rhythm would have been to abolish the predictive power of a narrow complex rhythm in terms of return of a spontaneous pulse. Despite these limitations, we believe that the p-FAST finding of no organized contractile cardiac activity can be used to withhold ongoing resuscitation from trauma patients with PEA. Because of the wide confidence interval, we have not, however, created a mandatory policy at our institution and continue to collect data in a prospective fashion. Future use of this simple criterion may be extendable to the prehospital environment to further reduce resource utilization.
CONCLUSION
After trauma, the presence of PEA without demonstrable organized cardiac activity on ultrasound may correlate with mortality. The presence of organized cardiac activity on FAST in patients with PEA identifies a subset of patients with possible survival in whom resuscitative efforts should be continued.
